A 50-year-old man was admitted to our hospital because of general malaise. Laboratory tests revealed severe hyponatremia (104 mEq/L), which was attributed to central adrenal insufficiency. To treat presumed central diabetes insipidus (CDI), we administered a small dose of hydrocortisone and gradually increased it to maintenance doses to prevent osmotic demyelination syndrome (ODS). Serum sodium levels did not increase more than 10 mEq/L/day and ODS did not occur. Thereafter, the patient was proven to have CDI. Incremental increases in glucocorticoid dose may reduce the risk of ODS for patients with hyponatremia due to central adrenal insufficiency, especially that complicated by CDI.
Introduction
Osmotic demyelination syndrome (ODS) is a neurologic condition that occurs after the rapid correction of serum sodium in patients with hyponatremia (1) . Once ODS develops, it cannot be specifically treated and the neurological prognosis is dismal. Therefore, it is very important to prevent the development of ODS. It is well recognized that the risk of ODS is greater in patients with malnutrition, alcoholism, and extreme hyponatremia (2) . Replacement of glucocorticoids (GC) in patients with central adrenal insufficiency may be another risk factor (3) . However, GC replacement is required to treat hyponatremia due to GC deficiency. Although Lasheen et al. advocated use of the lowest possible dose of GC in such situations along with the close monitoring of serum sodium levels (3), a specific treatment plan was not provided. As such, there have been no guidelines for GC replacement in patients with hyponatremia due to GC deficiency.
We report a patient with severe hyponatremia due to GC deficiency who was successfully treated without development of ODS. GC replacement was achieved with small incremental increases in dose. We compare reports of patients who developed ODS during GC replacement with our case, and the rationale for using our method is discussed. (hours) Volume (mL/2h) days before admission, he was referred to our department and admission was scheduled for further evaluation and treatment. However, over the next 3 days he experienced progressive general malaise and visited our department. Laboratory tests revealed severe hyponatremia (104 mEq/L) and the patient was admitted. On admission, although he was drowsy and inactive, he could give relevant answers to questions. His blood pressure was 110/70 mmHg and pulse rate was 80 beats per minute. He was 160 cm in height and weighted 56 kg. Physical examinations were unremarkable. Laboratory data was as follows: plasma glucose: 94 mg/dL, creatinine: 0.67 mg/dL, blood urea nitrogen: 4.3 mg/dL, uric acid: 2.8 mg/dL, sodium: 104 mEq/L, potassium: 4.2 mEq/ L, chloride 72 mEq/L, serum osmolality: 211 mOsm/kg/ H2O, urinary osmolality: 381 mOsm/kg/H2O, urinary sodium: 72 mEq/L, and urinary potassium: 34 mEq/L. Endocrinologic data revealed a mild decrease in thyroidstimulating hormone (TSH) level (0.071 μIU/mL) and free T4 level was at the lower limit of normal (0.9 ng/dL). We concluded that the cause of hyponatremia was central adrenal insufficiency based on the existence of a Rathke's cleft cyst and laboratory findings. Therefore, after completing the corticotrophin-releasing hormone (CRH) test, we began to correct hyponatremia.
Although we recognized that GC replacement is required to correct hyponatremia, we initially administered a low dose of hydrocortisone (5 mg) intravenously to prevent the onset of ODS. Concomitant use of 3% saline was avoided. However, 3 hours later, urine volume did not increase, and serum sodium level dropped to a nadir of 102 mEq/L. Therefore, sodium correction was performed with 3% saline together with furosemide, and serum sodium level increased to 106 mEq/L and 108 mEq/L, 8 and12 hours after starting therapy, respectively (Fig. 1) . Three percent saline and furosemide were administered intermittently so that serum sodium levels did not increase too rapidly. Eighteen hours after starting therapy, the serum sodium level rose to 111 mEq/L and his consciousness level improved. However, blood pressure dropped to 80/50 mmHg and we administered 10 mg of hydrocortisone. Following this treatment, the patient's blood pressure rose to 108/60 mmHg and serum sodium level increased gradually without using additional 3% saline. Forty-eight hours after starting therapy, the patient's serum sodium level rose to 120 mEq/L, which represented an increase of 18 mEq/L in 48 hours.
By this time results of the remaining laboratory examinations at admission were available and showed decreased cortisol and adrenocorticotropic hormone (ACTH) levels (0.8 μg/mL and 3.6 pg/mL, respectively). Although ACTH response to CRH was normal, cortisol response to CRH was low (maximum 4.9 μg/mL), suggesting that the affected lesion exists above the pituitary level. Serum argininevasopressin (AVP) was detected (1.63 pg/mL) despite low serum osmolality (211 mOsm/kg/H2O).
The dose of hydrocortisone was gradually increased to maintenance doses (20 mg) over 4 days and serum sodium level normalized 7 days after starting therapy (Fig. 2) ; no neurological deficit developed. However, 10 days after the start of the therapy, the patient developed polyuria of more than 3.0 L/day and his serum sodium level rose to 146 mEq/ L. Urinary osmolality decreased to a nadir of 115 mOsm/kg/ H2O. We diagnosed the patient with central diabetes insipidus (DI) unmasked by GC replacement and he was treated with 1-desamino-8-D-arginine vasopressin (dDAVP). Thereafter, urine volume was reduced and serum sodium levels were stabilized. On day 15, he was transferred to the neurosurgical unit for operative treatment.
Discussion
Central adrenal insufficiency is one of the important causes of hyponatremia (4, 5) . Because cortisol is a physiological tonic inhibitor of AVP secretion (6) , hyponatremia in patients with central adrenal insufficiency is mainly caused by reduced inhibition of AVP together with excessive water intake. Replacement of GC in patients with hyponatremia due to GC deficiency inhibits the secretion of AVP and may cause rapid free water excretion with excessively rapid normalization of serum sodium. This is one reason that the replacement of GC in patients with GC deficiency is considered a risk factor for developing ODS. The risk is increased in patients with central adrenal insufficiency complicated by central DI. Because the half-life of AVP is short (15-20 minutes), this rapid free water excretion may appear shortly after the replacement of GC. Furthermore, GC replacement can cause free water excretion not mediated by AVPdependent mechanisms, such as changes in systemic and renal hemodynamics (7) . While replacement of GC can be a risk factor for the development of ODS, it has been reported that preexisting central adrenal insufficiency itself may increase the risk of myelin damage (8) . Data from an animal model showed that early GC treatment can prevent blood-brain barrier disruption, and as such, GC might be effective in preventing ODS (9) . Furthermore, infusion of hypertonic saline was found to be less effective in some patients with hyponatremia due to GC deficiency (5) . Taken together, we concluded that GC administration was necessary in the present case. Concomitant use of 3% saline was avoided because it may cause rapid correction of hyponatremia (10) .
In deteminig the initial dose for GC replacement, we searched the literature and found 3 cases in which ODS developed during GC replacement for hyponatremia due to central adrenal insufficiency (3, 11, 12) . The characteristics of these 3 patients are shown in Table 1 . Large doses of GC were administered and rapid normalization of serum sodium was achieved.
We believed that a large dose of GC should be avoided in order to prevent the onset of ODS. Furthermore, the patient's GC deficiency was based on Rathke's cleft cyst, which is frequently accompanied by central DI (13) . Although the current patient did not present with polyuria, polyuria may be absent in patients with central DI when they also experience GC deficiency; this phenomenon is known as "masked DI". Therefore, it is difficult to suspect the coexistence of central DI before starting GC replacement therapy in these patients. In patients with masked DI, we frequently observe rapid free water excretion even after administration of a maintenance dose of GC. With the suspicion of coexistence of central DI in the present case, we initially administrated a small amount of hydrocortisone (5 mg) and gradually increased to maintenance doses (20 mg) over 4 days in order to prevent ODS. Serum sodium levels were closely monitored and furosemide and 3% saline were used intermittently. Using this method, the serum sodium levels did not increase more than 10 mEq/L/day and ODS did not occur.
Ten days after starting therapy, the present patient experienced polyuria and he was proven to have central DI. Therefore, if we had initially treated with maintenance dose of GC, the onset of polyuria might have occurred earlier and ODS might not have been prevented.
In general, the replacement of GC is done with maintenance doses (4, 5) . As far as we know, there have been no reports stating that replacement of GC should be done initially with a low dose and gradually increased to maintenance doses. We cannot state categorically that our approach is best. However, considering that ODS is an often irreversible disorder, clinicians should carefully design GC treatment regimens.
In summary, we reported a patient with hyponatremia due to GC deficiency who also had masked DI. Using carefully designed GC replacement, serum sodium levels did not increase more than 10 mEq/L/day and ODS did not occur. Gradual increment of GC dose may reduce the risk of ODS for patients with hyponatremia due to central adrenal insufficiency, especially when complicated by central DI.
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